mdustry effects the exacerbation of measurement error from mlsclassmcatIOn of mdustry, and selectiVIty wIth respect to mdustry changes I However, thIs approach may mtroduce other problems, for two reasons FIrst, It depends on usmg test scores that are correlated WIth the type of abilIty that IS rewarded m labor markets Second, because the test scores are undoubtedly errorridden measures of ablhty, Identifymg assumptions are needed to correct for measurement error Thus, the approach taken m thIs paper should be VIewed as complementary to first-dIfference methods The results mdICate that ablhty can account for only a small portIOn of mtermdustry (or mteroccupatIOn) wage dIfferentials m cross-sectIOn wage regressIOns
II INCORPORATING ABILITY MEASURES
Unobserved worker qualIty or ablhty IS modeled as a latent or unobserved variable, WIth Intelhgence test scores servIng as errorridden mdICators of thIS unobserved varIable FamIly background variables are used as Instruments for the test scores, to correct for measurement error ThIS general approach mImIcs that used m the extensIve hterature on correcting for omItted variable bIas In estimatmg the returns to schoolmg [Grlhches and Mason, 1972 , Corcoran, Jencks, and Olneck, 1976 , Chamberlam, 1977 , GrllIches, 1977 , Hauser and Daymont, 1977 , Taubman, 1977 Because many of the condItions (such as momtormg dIfficulties or turnover costs) that mIght cause the profitabIlIty of paYIng above-marketcleaTIng wages to vary across IndustrIes may also vary across occupatIOns, we conSIder the Impact of Incorporating test scores on both mdustry and occupatIOn wage dIfferentials
The wage equatIOn IS assumed to be 3 We assume that the IQ test score IS related to abIlIty through the equatIon,
where E/ IS a measurement error uncorrelated WIth A and wIth E m (1) 4 EquatIOns (1) and (2) equatIOn There IS an extensIve debate m the returns-to-schoolmg hterature on the effects of famliy background on earmngs 5 Whlie there IS a broad consensus that famliy background has Important effects on schoolmg and ablhty, the dIrect effects of famliy background on earnmgs have generated more controversy Early research uSIng SImple recurSIve models for abIhty, schoohng, and earnmgs found that Wlth the excephon of parental mcome, famIly background varIables such as parents' educatIOn, occupatIOn, or number of slbhngs affect earnmgs only mdlrectiy through ablhty and schoohng [Duncan, 1968 , Bowles and Nelson, 1974 , Sewell and Hauser, 1975 Gnhches [1976] found that least squares results for wage equatIOns usmg IQ or KWW were qUite Similar
We study earnmgs and their determmants at two pomts first, the earhest year m whICh wages and other needed variables are available (though no later than 1973), and second, m 1980 The reqUirement that wages be observed at both pomts, the exclUSIOn of mdlV1duals with mlssmg IQ data, the restnctlOn to nonblacks, and other data avrulablhty reqUirements reduce the final sample size to 815"
There are three pnmary potential sources of selection bias In thiS subset of the ongmal sample First, If IQ scores are mlssmg nonrandomly (With respect to the wage equatIOn error), then wage equatIOn estimates based on the subsample for whICh IQ scores are avrulable may be biased Second, an Important determmant of whether an observation was avrulable (particularly for the early years) was whether the indiVidual had left school and gone to work, a deCISIon hkely to be related to labor market opportumtles Gnhches, Hall, and Hausman [1978] address the mfluence of these potential sources of bias m wage equatIOns estimated for the Young Men's Cohort of the NLS They cannot reject the hypotheSIS that the IQ data are randomly missing WIth respect to the error term wage equatIOn are nearly Identical whether they use the subsample for whICh IQ IS aVailable, or a sample m whICh mlssmg IQ IS filled m, takmg account of potential selectiVity bias m the equatIOn used to predict IQ 13 As a further check on this source of blas, we examme the robustness of our findmgs m the larger saJnple for whICh KWW IS avadable, but IQ IS mlssmg The results of GrdlChes, Hall, and Hausman also suggest that selectiVity mto the workmg sample Imparts a downward bias to schoolmg coeffiCients, and an upward bias to coeffiCients on IQ Ignormg thiS selectIOn problem should then lead us to overstate the Impact of unobserved ablhty on wages Together, the results from thiS earher research suggest that these two sources of bias should not lead to SpUriOUS rejectIOns of the unobserved ablhty explanatIOn of mtermdustry and mteroccupatlOn wage differentials Fmally, because we use mformatlOn from 1980, attritIOn bias may be Significant 14 Because of thIS, we examIne the robustness of our results In a sample USIng data from only the early years of the survey IV EMPIRICAL RESULTS Table I reports raw differences m log wages and test scores by mdustry and occupatiOn, for both the early and 1980 observatIOns These are computed from regressIOns of the dependent variables on a set of mdustry and occupatIOn dummy Variables A Simple summary measure of the Importance of mdustry and occupatiOn coeffiCients IS their standard deViatiOn Unwelghted standard deViatIOns are reported below the mdustry and occupatIOn coefficient estimates 15 There IS substantial variation m the wages and test scores by both mdustry and occupatIOn (F-tests for equahty of the means are rejected m all cases)
The bottom panel of the 15 The unwelghted standard deViation measures the average "effect" of the mdustry or occupatIOn coeffiCIents for a randomly chosen mdustry or occupatIOn, whIle the weighted (by employment) standard deVIatIOn would measure the effect for a randomly chosen mdIVldual The conclUSIOns reached were not affected by usmg weIghted standard deVIatIOns, or by correctmg the standard devlattons for samplmg error differentIals by mdustry and occupatIOn The correlatIons of these differentIals are often relatIvely high, SIX of the eight correlatIOns are greater than 0 70 These estImates Imply that, on average, there IS a fairly high degree of correlatIOn between average test scores and average (log) wages, both across mdustnes (Wlthm occupatIOns), and across occupatIons (Wlthm mdustnes) 16 As a prehmmary to estImatmg wage equatIOns controlhng for unobserved ablhty, m Table II we examme the extent to whICh differences m log wages and test scores by mdustry and occupatIOn persist once the usual human capital controls are added The top panel of Table II reveals that mtenndustry wage differentIals are scarcely dlmllllshed, while mteroccupatIon wage differentIals, as measured by their standard deViatIOn, fall by close to one third 17 Similarly, the additIon of human capital controls does more to reduce the standard deViatIon of test score differentIals across occupatIOns than across IndustrIes
The bottom panel of Table II reports the correlatIOns between these remammg mdustry and occupatIOn differentIals Just over half of these correlatIOns are lower than the raw correlatIOns m Table I , but the correlatIOns remam qUite large Thus, looking at average dIfferences across IndustrieS or occupations, the unobserved ablhty explanatIOn appears to receive strong support However, these results are only suggestIve regardmg the detenmnants of wages at the mdlVlduallevel, where we ask whether the test scores (corrected for measurement error) are suffiCiently strongly correlated With mdlvlduals' wages to reduce the magmtude of mdustry or occupatIOn effects m mdlVldual-level wage regreSSIOns For the IV estImates, the model was estImated as a system that mcludes the two wage equatIOns and a test score equatIon Two sets of estImates are reported, one usmg IQ as the mdlcator of ablhty, and another usmg KWW The set of famIly background vanables used as Instruments IS the same In each speclficabon In all of the speCIficatIOns, ablhty enters SIgnIficantly, WIth coefficIents roughly five to ten tImes the magnItude obtamed m the OLS estImates WIthout the measurement error correctIOn The standard deVIatIOns of the mdustry coeffiCIents fall by about 10 to 15 percent, relatIve to the OLS estImates from Table II, whIle the (4261) (2376) (0106) (3529) (1 947) ConstructIOn -0029 -4537 -2541 -0008 2875 -0694 (0065) (2504) (1397) (00641 (2117) (2422) (1351) (0064) (2116) ( 1 168) and publIc utilItIes Trade -0277 -2965 -2870 -0201 -1261 -1930 (0056) (2155) (1202) (0062) (2053) These results were rephcated With full mformatIOn mrunmum hkehhood estimates of the model, usmg both IQ and KWW as mdlCators of ablhty, employmg the LISREL program [Joreskog and Sorbom, 1984] , compared With the IV estimates, the mrunmum hkehhood estimates mdlcated a smaller declme m the standard deViatIOns of the mdustry and occupation effects, relative to the OLS estimates m Table II We also verified that the results were not sensitive to alternative variable defimtIOns, sample defimtions, or model specificatIOns These robustness checks mcluded usmg two-digit mstead of one-digit mdustrles, expandmg the sample to mclude observatIOns mlssmg IQ data, usmg KWW as the only ablhty mdlCator, exciudmg mdlVlduais m the mmmg mdustry (who may receive a slgmficant compensatmg differentia\), estlmatmg a model With two ablhty factors, and restrlctmg the analysIs to data drawn only from the years 1966-1973, to mmlmlze attrition bias 19 Consequently, we conclude that mdlVldual-level results such as those m Table III do not support the unobserved ablhty 18 When we used KWW as the Instrument for IQ, or IQ as the mstrument for KWW, the estimated reductlOns m the standard deViatIOns of the mdustry and occupatIOn effects were wIthm the same ranges 19 Most of these results are prOVided m an earlIer verSIOn of the paper All results are aVaIlable from the authors upon request Our findmg that omItted ablhty does not appear to slgmficantly bIas estImated mdustry effects contrasts wIth the modIfied first-dIfference findmgs of Topel [1987a, 1987b] , who reject the "pure" mdustry effects hypotheSIS m favor of the unobserved ablhty hypothesIs 21 But It IS consIstent WIth the measurement-error-corrected results In Krueger and Summers [1988] , and WIth first-dIfference results for workers wIth exogenous separatIOns (thus reducmg bIas from endogenous selectIOn) m GIbbons and Katz [1992] The Murphy and Topel [1987b] results may dIffer for a number of reasons FIrst, they use a weekly wage defined as annual earnmgs dIVIded by annual weeks, on all Jobs worked over the course of the year Because earnmgs on both the OrIgm and destmatIOn Job for mdustry or occupatIOn changers are mcluded m thIS measure, wage changes are hkely to be understated 22 In addItIon, although Murphy and Topel use the CPS, theIr sample may be unrepresentatIve, smce they are able to use only those mdlvlduals who do not change reSIdence when changmg mdustry To obtam a rough check on thIS, we estImated a first-dIfference model SImIlar to theIrs, usmg our early and late observatIOns 23 The resultmg estImates are more consIstent WIth the unobserved ablhty explanatIon ofmtermdustry and mteroccupatIon wage dIfferentIals than the estImates m Table III 21 Murphy and Topel mclude cross-sectIOnal OLB estimates of mdustry effects for each mdlvldual m a first-dIfference specificatIon The coeffiCients of these variables can be used to test the pure mdustry effects hypotheSIS (for WhICh the coeffiCIent should equal one) agamst the unobserved ablhty hypothesIs (for whIch the coeffiCIent should equal zero) Their estImate of the mdustry coeffiCIent IS 0 27 They estImate a SImIlar occupation effects coeffiCIent of 0 08 22 ThiS problem was pomted Qut by a referee 23 We computed the mdustry and occupatIOn effects from the full sample, whereas Murphy and Topel [1987b] use only the nonmovers In our case, the number of non movers would be very small (233), and would hkely be a highly select sample, smce the mterval between observatIOns IS so long 24 Our estImates of the mdustry and occupatIOn coeffiCients (standard errors) are 0 637 (0 126) and 0429 (0 145) 25 Our first-rufference results may dIffer from those of Murphy and Topel not only because of the way they construct the wage, hut also because of the longer perIod of tIme over whIch changes are recorded m our data (on average more than ten years, compared With one year 10 the Murphy and Topel papers), suggestmg that a hIgher proportIOn of reported changers are true changers In our sample 71 percent of the respondents change mdustry, compared With 4 percent In their sample As a result, meaSUlement-error bIaS lb lIkely to be more severe m theIr sample [Freeman, 1984] Recogmzmg thiS, Murphy and Topel use an mstrumental varIables approach the dIVergence m results appears to be attrIbutable to dIfferences m the defimtIon of the wage, the sample used, and the effects of measurement error
V CONCLUSION
In th,S paper we test the unobserved abIlIty explanatIOn of mtermdustry and mteroccupatIOn wage dIfferentIals by exphcltly mcorporatmg measures of unobserved ablhty mto wage regresSIOns The procedure we use may be an Improvement over past attempts to account for unobserved ablhty usmg standard firstdIfference estImators, Smce It IS less hkely to suffer from b,ases due to measurement error or selectIvIty The major hmltatIOn of our approach IS that we cannot control for VarIatIOn m abIlIty that IS not reflected m the test scores that we use as mdlCators of ablhty Our empmcal results Imply that mtermdustry and mteroccupatIon wage dIfferentIals are, for the most part, not attrIbutable to VarIatIOn m unobserved labor qUalIty or abIlIty Our estImates mdlCate that Just over one tenth of the VarIatIOn m mtermdustry wage dIfferentIals, and less than one fourth of the varIatIon m mteroccupatIOn wage dIfferentIals, reflect dIfferences m unobserved abIlIty UNIVERSITY OF SOUTH CAROLINA UNIVERSITY OF PENNSYLVANIA AND NATIONAL BUREAU OF ECONOMIC RESEARCH
